According to the Multi-criteria Decision-making (MCDM) problem with criterion value for triangular fuzzy number, a kind of a MCDM method based on fuzzy number and Dempster-Shafer evidence theory is proposed. By means of the ability to deal with the uncertain information of evidence theory, the method first constructs the evidence body and the Basic Probability Assignment (BPA) function. In the light of the evidence weights, the evidence is discounted, corrected and fused. Finally the sort results are deserved based on the value of each BPA. The feasibility and effectiveness of the method is verified by the supplier selection example.
Introduction
Multi-criteria Decision-making (MCDM) problem has very broad and important applications in various fields. Now it has become a hot issue for researchers at home and abroad [1, 2, 3] .
The more popular way to deal with MCDM problems are TOPSIS [4] (Technique for Order Preference by Similarity to Ideal Solution) and LINMAP [5] (Linear programming techniques for multidimensional analysis of preferences). TOPSIS determines both a Positive Ideal Solution (PIS) and a Negative Ideal Solution (NIS) from the decision matrix. Then it selects and sorts the optimal solution through calculating the distance and proximity among the compromise alternatives to positive and negative ideal solution. The LINMAP method uses pair-wise comparisons of alternatives given by decision makers and generates the best compromise alternative as the solution that has the shortest distance [6] . Recently, many researches are inspired by the application of Dempster-Shafer evidence Theory (DST) [7] , which is widely used as the mathematical tools in information fusion to handle the MCDM problem [8, 9, 10] . In this paper, we proposed a MCDM method based on fuzzy number and DS evidence theory. The rest of the paper is organized as follows: Section 2 briefly introduce some preliminaries including Fuzzy Sets Theory (FST) and DS evidence theory. In Section 3, a new method to deal with MCDM is proposed. Section 4 uses a supplier selection example to describe the implementation of methods and steps. Finally, Section 5 concludes the paper.
Preliminaries

Fuzzy Sets Theory
Definition 1 Let X be a universe of discourse,Ã is a fuzzy subset of X. If for all x ∈ X, there is a number µÃ(x) ∈ [0, 1] assigned to represent the membership of x toÃ, and µÃ(x) is called the membership ofÃ [11] . [12] 
The generalized trapezoidal fuzzy numberÃ is plotted in Fig. 1 
Dempster-Shafer Evidence Theory
Evidence theory first defines a set of hypotheses Θ called the frame of discernment and it is defined as follows:
It is composed of N exhaustive and mutually exclusive hypotheses. The power set has 2 N propositions:
where Φ denotes the empty set. The N subsets containing only one element are called singletons.
An important concept of evidence theory is the Basic Probability Assignment (BPA).
Definition 4 Given the frame of discernment
and which satisfies the following conditions:
Dempster's rule of combination, noted by m = m 1 ⊕ m 2 , is the first one within the framework of evidence theory which can combine two BPAs m 1 and m 2 to yield a new BPA:
where k is a normalization constant, called conflict coefficient because it measures the degree of conflict between m 1 and m 2 , k = 0 corresponds to the absence of conflict between m 1 and m 2 , whereas k = 1 implies a complete contradiction. The belief function resulting from the combination of J information sources defined as:
Discounting coefficient can be seen as reliability coefficients. It means the reliability of the information source. For a discount coefficient α, the discounting rule has been introduced in DS evidence theory given as follows:
In many MCDM problems, a lot of evaluation value is expressed as triangular fuzzy numbers. So a MCDM method based on fuzzy number and DST is proposed in this section. In general, in a Multiple Criteria Decision-making (MCDM) problem,
A m are possible alternatives and C 1 , C 2 , · · · , C n are criteria which determine the performance of measured alternatives. In this problem, we usually need to rank order of all alternatives and choose the best alternative.
We are inspirited by TOPSIS and LINMAP. For each criterion in MCDM, we can easily get the optimum ideal solution and negative ideal solution. The distance of an alternative between ideal solution and negative ideal solution can be determined. It can be used to generate BPA to describe how close the alternative to ideal solution and to negative ideal solution. We define a frame of discernment {IS, NIS}, where IS means that ideal solution and NIS means negative ideal solution [8] .
In summary, the proposed method can be listed step by step as follows:
Step 1. Select the ideal solution and negative ideal solution and determine the BPA of each evaluation value.
Step 2. Discounts the BPA of evaluation value using the criteria weights as discounting coefficient, then using in combination with the classical Dempster combination rule.
Step 3. Discounts the BPA employing the weights of decision-makers as discounting coefficient, then combine the evidence body and get the final BPA of each alternative.
Numerical Example
A supplier selection example is shown as Table 1 Step 1. Selects the ideal solution and negative ideal solution and determine the BPA of each evaluation value. In Table 1 , the ideal solution of the evaluation value according to criterion 1, given by DM1 is 1.00, while the negative ideal solution of the evaluation value of DM1 is 0.8. It can be calculated the distance as follows: Then, the BPA for the first DM 1 about supplier 1 according to criterion c 1 is obtained as follows:
= 0.12 0.08 + 0.12 + 0.02 = 0.55;
= 0.08 0.08 + 0.12 + 0.02 = 0.36; Using the same method, all the BPA can be calculated and shown as in Table 2 . Step 2. Using the criteria weights as discounting coefficient, the BPA of performance is discounted. In order to combine the BPA of each criterion, the classical Dempster combination rule is adopted here. When ω 1 = (0.6, 0.2, 0.2), the weights can be transformed into discounting coefficient as follows:
Application discount coefficient, the discounted BPA of supplier 1 according to DM 1 can be calculated as follows: With the same method, all the BPA can be calculated and shown as in Table 3 . Step 3. Discounts the BPA using the weights of decision-makers as discounting coefficient, then combine the evidence body and get the final performance of each alternative. The weight vector of three decision-makers is ω = (0.4, 0.3, 0.3), and the weights can be transformed into discounting coefficient as follows: And so on, the finally BPA can be calculated and shown in Table 4 . From BPA final result, we can see the rank order is supplier 1>supplier 3>supplier 2. 
Conclusions
In this article, a new MCDM method based on fuzzy number and evidence theory is proposed. The supplier selection examples describe the method and the steps to realize it. Though the algorithm is simple, the results show the effectiveness and feasibility. The final ranking order can be determined by the BPA. We can apply this method to other MCDM problems in the future and we think it has a very good application prospect.
